Abstract China Fusion Engineering Test Reactor (CFETR) is an ITER-like fusion engineering test reactor that is intended to fill the scientific and technical gaps between ITER and DEMO. One of the main missions of CFETR is to achieve a tritium breeding ratio that is no less than 1.2 to ensure tritium self-sufficiency. A concept design for a water cooled ceramics breeding blanket (WCCB) is presented based on a scheme with the breeder and the multiplier located in separate panels for CFETR. Based on this concept, a one-dimensional (1D) radial built breeding blanket was first designed, and then several three-dimensional models were developed with various neutron source definitions and breeding blanket module arrangements based on the 1D radial build. A set of nuclear analyses have been carried out to compare the differences in neutronics characteristics given by different calculation models, addressing neutron wall loading (NWL), tritium breeding ratio (TBR), fast neutron flux on inboard side and nuclear heating deposition on main in-vessel components. The impact of differences in modeling on the nuclear performance has been analyzed and summarized regarding the WCCB concept design.
Introduction
The China Fusion Engineering Test Reactor (CFETR) is a tokamak steady-state fusion engineering test reactor. As a good complementary machine to ITER, one of its main missions is demonstration of full cycle of tritium self-sufficiency with tritium breeding ratio (TBR) ≥ 1.2 [1] . The breeding blanket plays a key role in ensuring the feasibility of fusion fuel (D-T) self-sustainment. The concept design for a water cooled ceramics breeding blanket (WCCB) has been proposed as one candidate of CFETR breeding blanket design [2] . This design option employs super-heated steam as coolant with low pressure of 7 MPa and high outlet temperature of about 450 o C-500 o C to achieve higher safety standards and higher thermal efficiency.
Radiation transport calculations for the prediction and confirmation of expected neutronic parameters are an essential part of the blanket design process. Development and optimization of the breeding blanket design must be carried out in a logical progression based on the initial results obtained with one-dimensional (1D) and three-dimensional (3D) scoping and parametric analyses, followed by detailed three-dimensional radiation transport calculations [3, 4] . In this paper, based on the WCCB concept design, preliminary neutronic analyses and comparison have been carried out for 1D and several simple 3D calculation models which differ in geometric configuration, neutron source profile and thickness of first wall (FW) armor. The impact of these factors on the nuclear performance has been studied.
Radial build of WCCB concept design
The concept of WCCB (superheated steam cooling option) is designed to operate more safely at lower pressure and with high thermal efficiency at higher outlet temperatures. Furthermore, since the super-heated steam at the front zone of the breeding blanket is transparent to neutrons, the present option is beneficial to the improvement of TBR. Based on this concept, a 1D radial built breeding blanket is optimized to make TBR as high as possible with a reasonable nuclear heating density distribution. Fig. 1 and Table 1 show the radial build and the detail arrangement of this design. The breeder is separated from the neutron multiplier by a cooling channel, considering the The preliminary super-heated steam cooling scheme is designed as follows. Firstly, the pressurized water (7 MPa) at 260 o C cools the rear function zones of the breeding blanket through cooling channel C4-C9. When the water flows out of cooling channel C4, it is heated to saturated steam at a temperature of 285 o C. Then, the saturated steam is completely vaporized to steam when it flows through cooling channel C2-C3 at a constant temperature. Finally, the steam flows through channel C1 and is heated to a super-heated steam at a temperature of about 450 o C-500 o C when it flows out of the first wall.
Neutronics calculation models
Several neutronics calculation models have been developed to analyze and compare the nuclear performance of WCCB for CFETR. Figs. 2-5 show the horizontal and vertical cross-section views of MCNP calculation models. Model 1D is a 1D cylinder reactor model. Models A-C are three-dimensional models consisting of inboard and outboard blankets, shielding, divertor, vacuum vessel and TF coil in a 22.5 o (1/16) torus sector. The differences between Model A-Model C lie in the definition of the neutron source and in the blanket modular arrangement. Model A is a simple 3D model with coarse blanket modular segmentation (seven blanket modules in the poloidal direction) and isotropic volume neutron source definition. Model B is a refined model which considers reasonable segmentation of breeding blanket modules and diverter occupation. There are 11 breeding blanket modules (four inboard modules and seven outboard modules) segmented in the poloidal direction and 32 modules segmented in the toroidal direction. The gap between the adjacent modules is 2 cm, on average. Model C has the same modular arrangement as Model B except for the source definition, which is divided into five layers assigned with different probabilities. The probability of each layer corresponds to the DT-reaction rate, which varies from 0.5 in the innermost cell to 0.01 in the outermost cell [5] . The sampling of neutron source energy employs a Gaussian fusion spectrum [6] for all models. 
Results and discussion
The calculations are carried out by using the Monte Carlo neutron and photon transport code MCNP [6] and the IAEA Fusion Evaluated nuclear data library FENDL 2.1 [7] .
Neutron wall loading
The neutron wall loading (NWL) denotes the fusion neutron power load (given in MW/m 2 ) on the first wall surrounding the plasma chamber. The poloidal distribution on the first wall is used in many cases in the design process as a normalization factor for a quick estimation of the poloidal nuclear response variation based on the results obtained under average conditions [2] . In this paper, the NWL values of the four models were calculated and the results are listed in Table 2 . It is noted that the NWL of the 1D Model is apparently less than that of 3D models. The NWL values of Model A and Model B are almost the same, which indicates that the blanket modular gaps have little impact on NWL. As for NWL of Model C, by comparison with the NWL of Model B, it is noted that the peak values of IB and OB increase a little while the average values decrease slightly. The reason for this is that five layers source definition is more close to the real neutron intensity distribution which would lead to a high NWL value on the mid-plane of reactor and low NWL values near the upper port and lower port.
Tritium breeding rate (TBR)
Tritium breeding ratio (TBR) is estimated using different calculation models to investigate the impacts of the differences in modeling, source profile and thickness of FW armor on the achievable TBR. The local TBR of each module and its fractional contribution to the total achievable TBR are listed in Table 3 for six calculation models. The first three are the basic models as described in section 3 and Models C1-C3 is based on Model C with different thickness of tungsten armor of 2 mm, 5 mm and 10 mm respectively. The results show that: (1) As expected, the TBR of the 1D Model achieves 1.516 while that of 3D models is no more than 1.3. The biggest difference of TBR between Model 1D and Model C amounts to 22.1%. The gap effect and spatial occupation of divertor make TBR decrease by 9.64% as the TBR of Model B is compared with TBR of Model A. (2) For different source definitions of TBR, it shows that five layers source definition leads to a slight decrease in the total TBR. (3) For the effect of thickness of armor on TBR, it shows that the TBR value decreases almost linearly by increasing the thickness of tungsten armor. The TBR of Model C deceases by 4.5% when the thickness of tungsten armor reaches 10 mm. (4) For the fractional contribution of each module, it is noted that the outboard side modules dominate the total TBR and modules on the mid-plane show the better tritium breeding ability than modules near the upper and the lower ports. From the above results, it is noted that the gap effect and thick W armor have decreased TBR to less than 1.2 on the basis of simple 3D models. Considering the diagnostic ports and heterogeneity effect in detailed 3D modeling would further decrease the value of TBR. Therefore, achieving tritium self-sustainment (TBR≥1.2) for CFETR would be a considerable challenge. 
Neutron fluxes and nuclear heating
According to the CFETR design parameters [1] , for the spatial limitation of the inboard side, the thickness of the inboard blanket including shielding is no more than 70 cm. Therefore, the distribution of fast neutron fluxes of the inboard side in-vessel components is essential for shielding performance assessment. For Model A-Model C, the fast neutron (E > 0.1 MeV) fluxes as a function of the radial distance from the front of the first wall were calculated and the results are compared in Fig. 6 . The maximum statistic relative error of fast neutron fluxes for the three models is 1.82% which occurred in the TFC insulator of Model A. It is noted that the distributions of fast flux in the three models show the same descending tendency and they are close to each other. The five layers source definition (Model C) would slightly increase the fast neutron flux in the in-vessel components while the coarse blanket modular arrangement (Model A) would decrease the fast neutron flux in each component. It is also noted that the fast neutron fluxes in the insulator and conductor of TFC are all below 1.0×10 9 n/cm 2 · s. Assuming ten full power years (10 FPY) operation, the maximum expected fast neutron fluence of the three models in the TFC insulator and conductor are 2.63×10 17 n/cm 2 and 1.09×10 17 n/cm 2 , respectively; that is, smaller than ITER design limits, which are 5×10 17 n/cm 2 in winding pack (WP)'s insulator and 1.0×10
19 n/cm 2 in the WP magnet superconductor, respectively [8] . For the thermal-hydraulic analysis and safety analysis, the nuclear heating density distribution on the midplane of the inboard side in-vessel components is calculated and shown in Fig. 7 . The corresponding nuclear heating deposited on the main in-vessel components is listed in Table 4 . It is noted that nuclear heat in Model C is the highest of the three. Its corresponding energy multiplication factor (energy increase due to nuclear reaction) is about 1.37. Similar to the TBR distribution, five layers source profile would concentrate the nuclear heat in the modules on mid-plane while reducing the heating in the divertor and modules near the upper/lower ports. 
Summary
A concept design for a WCCB was presented by a 1D radial build. Several calculation models have been developed for a set of neutronic analysis. The study of impact factors on the nuclear performance of WCCB for CFETR is summarized as follows: TBR and NWL are sensitive to modeling and source definition. Differences of NWL and TBR between the 1D Model and 3D models are apparent. Tungsten armor, as a strong neutron absorber, has a significant negative effect on the TBR. Its thickness should be as thin as possible. A five layer source profile would increase TBR, NWL and NH of modules on the mid-plane while decreasing them in the modules near the upper and lower ports of the facility. The maximum fast neutron flux in the insulator and conductor of TFC is below 10 9 n/cm 2 · s which meets ITER radiation limits assuming 10 FPY of CFETR.
For more meaningful and self-consistent nuclear analyses, a more detailed 3D model with a concise neutron source definition needs to be developed to characterize the radiation environment and to account for radiation streaming through ports, diagnostic systems, other penetrations and the overall geometric complexity of CFETR.
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